Background: The incidence of difficult intubation (DI) in obese patients may reach a two-digit figure.
Introduction
The definition of difficult intubation (DI) is debatable. This may affect the reported incidence of DI. Recently, Ramachandran and Klock [1] defined DI as one or more of the following: difficult direct laryngoscopy, difficult video laryngoscopy, or difficult flexible bronchoscopic visualization. Brodsky et al. [2] defined an intubation as problematic if the product of the Cormack-Lehane laryngoscopy view grade and the number of intubation attempts was > 3. Though with several flaws (i.e. the subjective assessment of lifting force during laryngoscopy, the fact that the Sellick maneuver -cricoid pressure is not scored as external laryngeal pressure and using twice the "invisible cords" in two different scoring parameters), the intubation difficulty scale (IDS) [3] which is composed of seven score parameters is the most comprehensive and most frequently method employed to define DI. 
Methods
This retrospective study was approved by our hospital's IRB (Helsinki) committee. After excluding 49 patients (only in 40 patients was there documentation of using intubation in the "ramp" position and another 9 patients with incomplete information in their records) that could have been an important source of bias and to reduce the confounding effects, data from the paper records of 546 patients with a BMI of 35 kg/m 2 or higher who underwent bariatric surgery at Wolfson Medical Center during a five-year period, from 2010 through 2014 was extracted and analyzed. There were no missing records. Patients with a history of difficult intubation were excluded from the data analysis. Analyzed data included demographics (age and gender), co-existing obstructive sleep apnea syndrome (OSAS), body mass index (BMI), predictors of DI and intubation techniques employed. Predictors of DI were considered limited neck mobility, limited mouth opening (< 3 cm), short thyromental distance < 6 cm, Mallampati class 3 (soft palate, base of uvula visible.) or 4 (only hard palate visible) and dentition problems (loose or prominent upper teeth). Obstructive sleep apnea syndrome (OSAS) was also considered risk factors for DI.
Difficult intubation was defined as the presence of at least one of the following: laryngoscopy view grade (Cormack-Lehane) 3 (only epiglottis seen, none of As a result of a lack of a standardized DI definition, a wide range of DI incidences have been reported. This is even more evident in obese and morbidly patients which may have more predictors of DI as compared to lean patients [3] . It is well known that obese and morbidly obese patients have a higher incidence of DI. However, it is very concerning that the incidence of DI in these patients may reach two digit figures [3] . Such a high incidence of DI may lead to life-threatening situations and may call for preventative measures to significantly lower the incidence of DI in obese patients. DI may be associated with lifethreatening complications such as aspiration of gastric contents and severe hypoxemia. Nevertheless, even a recent study [4] recommends the preparation of rescue airway devices with a high suspicion of DI instead of the pre-selection of primary intubation techniques if such a scenario is predicted.
In this study, we hypothesized that the pre-selection of special primary intubation techniques based on preexisting DI predictors may significantly decrease the incidence of DI in patients with a BMI of 35 kg/m 2 or higher when compared to the figures published in the literature. glottis seen) or 4 (neither glottis nor epiglottis seen), need for > 1 laryngoscopy or intubation attempt, need for changing the blade size, difficult or failed videolaryngoscopy (VL), difficult or failed awake fiberoptic intubation (AFOI) and using VL or awake AFOI as rescue airway techniques.
The choices of primary intubation techniques were direct laryngoscopy (DL-curved blade Macintosh #3), VL (Glidescope, Verathon Inc., 20001 North Creek Pkwy, Bothell, WA 98011, US) and AFOI (Olympus Corporation of the Americas, 3500 Corporate Parkway, Center Valley, PA 18034, US).
Preoxygenation was followed by anesthesia induced with propofol, with or without rapid sequence induction (RSI), based upon the attending anesthesiologist's decision. Muscle relaxation for endotracheal intubation was provided with either succinylcholine (1 mg/kg total body weight [5] ) for both RSI and non-RSI or with rocuronium 0.6 mg/kg for non-RSI and 1.2 mg/kg for RSI, dosed per ideal body weight [5] .
As per our department's routine, AFOI or VL was used with suspicion of DI. The rest of the patients were intubated with DL. Special airway devices such as the Glidescope and fiberoptic bronchoscope were readily available in all cases. Rescue VL and AFOI were not counted as primary intubation techniques.
Data were compared between two groups of patients. The first group comprised patients who were primarily intubated with DL and the second group those who were primarily intubated with either VL or AFOI.
The primary outcome was the overall incidence of DI and the incidence of DI with DL vs. VL + AFOI. Secondary outcomes were the correlation between the DI predictors and the chosen intubation technique (DL or AFOI + VL) and the correlation between the DI predictors and the incidence of DI.
Data Analysis Sample size justification: A sample size of 433 would provide 80% power to detect a true difference from a known proportion; specifically, we sought to compare our difficult airway prevalence (1.6%) against the lowest value we found in the literature (3.5% -see Ref. 4 using the comparison of two proportions -a given proportion against a known value). This considers a two-sided alpha of 0.05. In actuality, we reviewed 546 cases included in this report, indicating an adequate sample size to address the primary hypothesis.
Data were stored on Excel spreadsheet (Microsoft, USA) and analyzed on SPSS Statistical Analysis Software (IBM, USA). Distributions of continuous variables were tested for normality using the Kolmogorov-Smirnov test and described as mean ± standard deviation. Nominal variables were summarized in frequency tables and presented as n (%). Continuous variables were compared by intubation technique or difficult intubation using the t-test for independent samples. Categorical variables were compared by intubation technique or difficult intubation using the chi square test. Logistic regression analysis was used to model difficult intubation (with age, sex and BMI as predictors) and odds ratios with 95% confidence intervals were calculated. All tests were two sided and considered significant at p < 0.05. Table 1 presents the demographic data and the prevalence of DI by the intubation technique. Eighty four percent of the patients had DL and 16% had special intubation techniques. Of these, 88.5% (77 cases) were primarily intubated with VL and 11.5% (10 cases) with AFOI. The overall incidence of difficult intubation was 1.6%. There were seven cases of DI in the DL group (1.5%) and two cases (2.2%) in the VL + AFOI group. In the DL group there were two failed intubations both Results are presented as mean ± standard deviation or percentage
Results
In t u b a t io n t ech n iq u e D ir ect la r y n g o s co p y S p ecia l in t u b a t io n t ech n iq u es ( v id eo la r y n g o s co p y + a w ak e fib er o p t ic in t u b a t io n ) The patient was awakened and intubated with AFOI (rescue). There was no failed AFOI. Table 2 shows the correlations between DI predictors and risk factors and the actual occurrence of DI. Only age was a significant predictor of DI while male gender was a marginally significant predictor of DI (p = 0.057). Logistic regression was used to model difficult intubation. The model was significant (p = 0.029) and correctly classified 98.3% of the study population to difficult intubation. Age was the only significant predictor, OR 1.06 (95% CI 1.003-1.120, p = 0.037) indicating that each additional year of age increases odds of difficult intubation by a relative 6%. Table 3 presents the correlations between DI predictors and risk factors and the choice of primary intuResults are presented as mean ± standard deviation or percentage Logistic regression was used to model difficult intubation. The model was significant (p = 0.029) and correctly classified 98.3% of the study population to difficult intubation. Age was the only significant predictor, OR 1.06 (95% CI 1.003-1.120, p = 0.037) indicating that each additional year of age increases the odds of difficult intubation by a relative 6%. Table 2 . Correlations between DI predictors and risk factors and the actual occurrence of difficult intubation In t ub a t ion t ech n iqu e D ir ect la r yn gos copy S p ecia l in t u ba t ion t ech n iqu es ( v id eo la r yn gos cop y + a w ak e fib er op t ic in t u b at ion ) p D i f fi c u l t i n t u b a t i o n p r e d i c t o r s a n d r i 
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Discussion
Since clinicians may tend to primarily choose certain intubation techniques (i.e. AFOI), whenever a DI is suspected, it may be problematic to determine the true incidence of DI. Published randomized, controlled, prospective trials that estimated the incidence of DI did not allocate patients with suspected DI to special intubation techniques. This may increase the incidence of DI in obese patients and thus expose them to complications related to DI, such as aspiration of gastric content, severe hypoxemia, etc.
Our retrospective study provides an insight to the clinical practice of DI management in our 700 bed university hospital.
As previously stated, the incidence of DI in obese patients has not been clearly determined, though it is higher compared to lean patients and in many studies it reaches two digit figures ranging from 3.5% to 20.2% [2, 4, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . This wide range of reported DI in obese patients may reflect different definitions of DI. However, the high incidence of DI in obese patients may stem from risk factors specific to obesity (such as an abundance of soft tissues in the upper airway, OSAS), in addition to the presence of other DI predictors common to both lean and obese patients, such as Mallampati class 3 or 4, advanced age, male gender, limited neck extension and mouth opening, short thyromental distance and dentition problems.
Similarly to the uncertainty of the incidence of DI, the best way to predict DI in obese patients is also debatable.
Though high BMI has been traditionally considered as risk factor for DI in obese patients (16) , many studies [2, 4, 8, 10, 12, 17] have questioned the reliability of BMI as a predictor of DI. Similarly, in our study population (see Table 2 ), the magnitude of BMI did not affect the incidence of DI. This is consistent with the findings by Dohrn et al. [4] who demonstrated that BMI is not a risk factor for DI among obese patients. Curiously, in this study, the Cormarck-Lehane grade was considered a predictor of DL/DI instead of being considered as one of the definitions of DL/DI.
Other DI predictors as presented above were also unreliable in forecasting DI, except for a marginally significant effect of male gender (p = 0.057). Difficult intubation has been associated with increasing age in both obese and lean patients [12, 18] . In our study, an increase in age was the single DI predictor associated with an increase in the incidence of DI (p = 0.031). A logistic regression analysis used to model DI showed that the model was significant (p = 0.029) and correctly classified 98.3% of the study population to difficult intubation. Age was the only significant predictor, OR 1.06 (95% CI 1.003-1.120, p = 0.037) indicating that each additional year of age increases the odds of difficult intubation by a relative 6%.
Some obese patients may require special intubation techniques to mitigate the complications associated with DI. Brodsky et al. [2] , considering that 6-7% of obese patients with a BMI > 40 kg/m 2 may require awake intubation. Two retrospective [7] [8] studies have examined the elective use of AFOI in morbidly obese patients (in 4.2% and 2.7% of patients respectively). In their retrospective study, Hagberg et al. [7] have found that AFOI was used mainly in patients with a BMI > 60 kg/m 2 and in those with Mallampati classes 3 and 4. Two other studies [19] [20] , of small groups of obese patients have shown that VL improved a laryngoscopic grade view when compared to DL. However, none of these studies have estimated the incidence of DI rather the change in the laryngoscopic view.
The effect of pre-selection in obese patients of a specific intubation technique based on DI predictors on lowering the incidence of DI has not been investigated. Our hypothesis that pre-selection of special airway devices may decrease the incidence of DI in obese patients is reinforced by the data published by De Jong et al. [10] . In this study, VL was frequently used (in 38% of DI cases) as a rescue intubation device rather than as a primary intubation tool. The use of specialized airway devices (such as AFOI or videolaryngoscopy) in obese patients was classified by the authors [9] as "definitive airway management techniques" that is, rescue tools after failed standard intubation. In a recent study of 1427 failed intubations, in a general surgical population (not specifically obese patients), Glidescope was the most successful (92%) rescue intubation device [21] . These data may suggest that many of the patients who had DI and required a rescue change of the intubation technique could benefit from the primary use of VL or AFOI. This may also explain the lower incidence of DI in our patient population when compared to those in whom VL and FOI were used only as rescue tools [10] and not as primary airway devices. In a recent editorial [22] Asai calls for early use of VL with failed conventional laryngoascopy. Moreover, our retrospective study reveals that though the selection of primary intubating tool was at the discretion of the attending anesthesiologists, the choice for selection of VL or AFOI was based in most of patients on DI predictors commonly associated with DI (see Table 3 ) such as Mallampati 3 or 4 [2, 17, 23] , older age [23] short thyromental distance [14] and male gender [7, 17, 18] . Although we found that OSAS was also considered a reason for using special intubation devices, Neligan et al. [17] found no correlation between OSAS and DI. The finding that special airway devices were more frequently used in our patients with higher BMIs suggests that our practitioners still consider BMI as a risk factor for DI as it is also the case in a few published studies [14, 16] .
There are several potential limitations of our study. First, this was not a randomized, control trial. However, the study accurately reflects our department's clinical practice. A second limitation is that neck circumference was not measured and thus increased neck circumference was not considered a risk factor for DI. However, the predictive value of this measurement is still debated [14, 17] . Another limitation is that intubation was not performed in an elevated head position ("ramp" position). However, though this position has shortened the time for laryngoscopy and intubation, it was not associated with fewer attempts at laryngoscopy and intubation when compared to the standard intubating position [24] .
In conclusion, our data revealed that pre-selection of special devices such as videolaryngoscopy and awake fiberoptic intubation, as primary intubating tools in patients with predicted difficult intubation, was associated with a lower than the reported incidence of difficult intubation in patients with a BMI of 35 kg/m 2 or higher.
